The aim of this study was to assess blood pressure variability (BPV) and its determinants in untreated hypertensive children. The study group consisted of 124 children, 91 boys and 33 girls, aged 14.972.5 with essential hypertension and no use of antihypertensive drugs. The subjects underwent routine examination, blood tests and ambulatory blood pressure (BP) monitoring. BPV was defined as the value of the standard deviation of BP for day-and night time periods. Daytime BPV was higher than night time BPV, and systolic BPV was higher than diastolic BPV. Significant positive correlations between 24-h, day-and night time systolic blood pressure (SBP), but not for diastolic blood pressure (DBP), and BPV were observed. In univariate analysis, day-and night time systolic BPVs were correlated with fasting glucose (r ¼ 0.609, P ¼ 0.02 and r ¼ 0.439, P ¼ 0.04); daytime systolic BPV, daytime diastolic BPV and night time systolic BPV were correlated with birth length (r ¼ 0.428, P ¼ 0.04; r ¼ 0.426, P ¼ 0.04 and r ¼ 0.439, P ¼ 0.04, respectively), and night time systolic BPV and night time diastolic BPV were correlated with age (r ¼ 0.604, P ¼ 0.02 and r ¼ 0.833, P ¼ 0.0001). However, in multiple linear regression analysis, daytime diastolic BPV was determined only by gender and systolic 24-h BP; night time systolic BPV depended on age, daytime SBP and DBP values, and daytime SBP and DBPs were determinants of night time diastolic BPV. The results highlighted the complex nature of BPV, with favourable role of host factors in its aetiology. The determinants of BPV in children are consistent with those in adults. Relationships between BPV and its determinants in untreated hypertensive subjects ought to be investigated in further researches.
Introduction
Hypertension is an important problem both in children and adults. [1] [2] [3] Blood pressure variability (BPV) is a physiological phenomenon and, in the light of available data, it deteriorates the clinical outcome and progress of hypertension. [4] [5] [6] [7] The problem is important especially in children and adolescents in whom early intervention helps to prevent such complications of high blood pressure (BP) as left ventricular hypertrophy and atherosclerosis. 6, 7 Although determinants of hypertension are well known, [8] [9] [10] there is a paucity of data concerning BPV, particularly in paediatrics. BPV can be determined by both environmental and host factors. The determination of the potential BPV predictors in hypertensive children may identify the group of patients with increased cardiovascular risk related not only to high BP, but also to BPV in the early stage of disease. It may also help to implement primary preventive strategies in clinical practice more effectively.
The aim of the study was to assess diurnal BPV and its possible determinants in untreated hypertensive children referred to a paediatric cardiologic clinic.
Materials and methods

Study population
The study group consisted of 124 children, 91 boys and 33 girls, aged 14.972.5, with essential hypertension. The participants were selected retrospectively from the group of consecutive paediatric patients referred from January 2003 to June 2006. Inclusion criteria for the study were average ambulatory BP greater than the gender, height and age 95th percentile (the diagnosis of hypertension, considering cutoff values defined on the basis of the percentile distribution of BP in a reference population), 11 secondary causes of hypertension excluded 11 and no past or current use of antihypertensive drugs. All children's parents or guardians and the children aged X16 gave their written consent.
Clinical data
Anthropometric data including gender, age, height and weight were obtained on admission. In all children, the anthropometric measurements were obtained by a well-trained nurse, using calibrated and validated devices to reduce a possible measurement error. Body weight was measured with the subjects in light clothing without shoes and it was recorded to the nearest 0.1 kg. Body height was recorded with a wall-mounted stadiometer and it was rounded off to the nearest centimetre. Body mass index (BMI) was calculated as body weight divided by height squared. Overweight was defined as BMI X90th percentile of the value specific for age and gender. 12 Birth weight and birth length were obtained from routine obstetrical records. Family history of hypertension was assessed. A positive family history was defined as hypertension in at least one parent or in a first-degree relative of the parent. All children underwent routine blood tests (fasting white blood cells count, red blood cells (RBC) count, haemoglobin (Hb) level and serum cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, triglycerides and glucose concentrations).
Blood pressure
Ambulatory BP monitoring (ABPM) was performed by using Tracker NIBP2 (Del Mar Reynolds Medical Ltd, Hertford, UK) monitoring device, adequate for paediatric purposes. The proper cuff was placed on the non-dominant arm and it was selected according to the subject's arm length and width. BP was recorded every 15 min between 0600 and 2200 (daytime period, 64 readings), and every 30 min between 2200 and 0600 AM (night time period, 16 readings) during a routine check-up on a ward to minimize the influence of physical activity on the results. The results were accepted for analysis when at least 90% of valid readings were obtained during day and night. The minimal number of readings required for analysis was 58 for a daytime period (range 58-64) and 14 readings for a night time period (range [14] [15] [16] . The criteria used to classify BP measurements as non-valid were applied in accordance with the recommendations of the producer of the device (e.g. lack of signal or weak pulse wave signal, artefacts or false recording data during inflation or deflation, exceeded BP measurement time period, measurement interrupted by user, exceeded measurement time limit, exceeded BP limit or low batteries). 13 
Results
The study group consisted of 91 boys (73.4%) and 33 girls (26.6%). The subjects' characteristics, considering the values in boys and girls, are shown in Table 1 Mean values of ambulatory systolic BP (SBP) and diastolic BP (DBP), BP load and BPV parameters are shown in Table 2 . Daytime BPV was higher than night time BPV (P ¼ 0.08 for SBP and P ¼ 0.01 for DBP), and systolic BPV was higher than diastolic BPV (Po0.0001 for SBP and P ¼ 0.0003 for DBP). Boys, in comparison with girls, had higher 24-h SBP mean, daytime SBP and night time DBP values, whereas girls had higher daytime diastolic BPV than boys.
The associations between BP values and BPV were assessed using the Pearson's correlation coefficients, and are shown in Table 3 . The strongest positive relationships were observed between 24-h SBP and systolic daytime BPV, systolic night time BPV and diastolic night time BPV, between daytime SBP and systolic daytime BPV, systolic night time BPV and diastolic night time BPV, and between night time SBP and systolic night time BPV and diastolic night time BPV. No association between diastolic BP and any of BPV parameters was observed.
The results of univariate analysis of correlations between BPV and continuous variables revealed that daytime systolic BPV and night time systolic BPV were correlated with fasting glucose (r ¼ 0.609, P ¼ 0.02 and r ¼ 0.439, P ¼ 0.04); daytime systolic BPV, daytime diastolic BPV and night time systolic BPV were correlated with birth length (r ¼ 0.428, P ¼ 0.04; r ¼ 0.426, P ¼ 0.04 and r ¼ 0.439, P ¼ 0.04, respectively), and night time systolic BPV and night time diastolic BPV were correlated with age (r ¼ 0.604, P ¼ 0.02 and r ¼ 0.833, P ¼ 0.0001). It was also observed that children with positive family history of hypertension had statistically significantly lower daytime diastolic BPV than children whose parents or close relatives had no hypertension (9.6971.71 vs 10.7972.52 mm Hg; P ¼ 0.01, adequately).
Multiple linear analysis was conducted to confirm the results of univariate analysis. The implemented Blood pressure variability in children L J Krzych models were adjusted to age and gender, and BP parameters as potential confounders. When strong co-linearity between independent variables was observed, those of low importance were excluded. The results of the analysis are shown in Table 4 Special attention should be paid on the fact that univariate analysis' results showed different information than multivariate ones. On the one hand, the latter are more accurate and take all relationships between independent variables into consideration, unquestionably. On the other hand, the values of coefficients of determination in linear regression are rather weak, thus the variables do not fit into the model perfectly. Moreover, the results of Pearson's coefficients of correlation should not be ignored.
Most of the aforepresented results, including gender and age, are consistent with those revealed by other authors. [15] [16] [17] [18] Nevertheless, it ought be mentioned that the majority of data cited below refer to the hypertensive adults and healthy children. There is a relative paucity of data concerning the problem in children and young adults with essential hypertension. Although many researchers draw their attention to the clinical sequelae of improper BPV, 6, 7, [19] [20] [21] the possible determinants of its occurrence are poorly recognized. The results of BP profile of untreated hypertensive children are consistent with evidence published recently. 22, 23 Moreover, the positive relationship between BPV and BP values in normotensive and hypertensive subjects was also approved. 15, 24, 25 The results of simple analysis documented that SBP determined both systolic and diastolic BPV more than DBP. In addition, in multivariate analysis, negative relationship between night time BPV and daytime DBP was observed. The last one is difficult to explain, even in the pathological way. However this observation is in agreement with the findings in adult patients with end-stage renal disease. 15 It was found that in the group of determinants of BPV, the host determinants played superior role, whereas the environmental issues were not so important. In this aspect, the results obtained in the study are in agreement with other observations. The role of genetic factors in the determination of BPV has been suggested by Fava et al. 26 Even after adjustment for confounders, in 118 healthy Swedish families significant heritability of night time BPV was found for systolic, diastolic and mean BP in 23, 29 and 37%, respectively. The host factors have also been pointed by Lurbe et al. 27 They revealed negative relationship between birth weight and BPV in normotensive children, and the range of Pearson's coefficients of correlation was r ¼ -0.14/ -0.02 (Po0.05). On the contrary, it has been confirmed neither by Pearce et al. 28 nor by the aforepresented results. Furthermore, in the present study, the correlation observed between birth length and BPV was positive. This finding is difficult to explain. However, the importance of the events before birth for lifetime health cannot be ignored. 29 In 1989, Barker 30 described the role of foetal development in the aetiology and pathogenesis of cardiovascular diseases. He suggested that intrauterine growth retardation, caused by undernutrition in middle and late gestation, might promote the increase in cardiovascular risk and BP elevation during adult life. Since then, these, so-called 'gestational programmed effects', were verified in several epidemiological and experimental studies. 31, 32 Moreover, the Barker hypothesis has been discussed in the aetiology of other metabolic disorders (e.g. obesity, diabetes and hypercholesterolemia).
31-33 The impact of this phenomenon is linked with altered vascular structure and function, reduction in nephron number, improper cellular signal transduction and impaired endothelial function. 32, 34 Taking altogether, it is crucial to recognize birth outcomes as possible determinants of BPV in further researches.
Although it is known that BP in children depends on height markedly, 1, 11 it is worth being mentioned that no correlation between height and BPV was observed in the present study. In univariate analysis, the coefficients of correlation were weak (ranged from 0.014 to 0.085) and were not statistically significant. More to the point, when height of children, as a possible confounder, was taken into account in the multivariate analysis, it was removed from the model because of strong co-linearity between variables.
Interesting information is comprised in articles of Schwartz et al. 17, 35 They claimed that variance associated with the concomitant variables (generation, gender, age of subjects and anthropometric parameters) was greater for SBP and DBP than variance connected with genetic factors. It was suggested that constituents of the variation are not stable, but are time-or activity-dependent. It may also explain differences in determinants obtained in the present study.
According to literature data, BMI value, as the outcome of sedentary lifestyle, may play the key role among environmental factors especially. 18, [36] [37] [38] Nevertheless, neither the results of the present study nor a few other authors' results confirmed those suggestions. 15, 39 Taking the published evidence into consideration, the influence of environment has also been proven as far as seasonal variation of BPV and smoking habit are concerned. 40, 41 The influence of glucose concentration on BPV is well documented. Tozawa et al. 15 observed that high systolic BPV statistically more frequently occurred in dialyzed diabetic patients than in non-diabetics, whereas Holl et al. 42 revealed that in 354 paediatric patients with diabetes type 1, mean day-and night time BP values were elevated, compared with controls.
Some attention should be paid on the methodological issue. In the present study, BPV was assessed based on the s.d. of day-and night time BP mean values as the popular method applied to express BPV, when ABPM is employed. The value of s.d. of mean 24-h BP was not taken into account. Is has been revealed recently that the size of nocturnal BP fall may blur the 24-h s.d. of BP markedly. 43 As a result, the diurnal BPV and its associations may be overestimated. Additionally, all subjects taking any antihypertensive drugs were excluded from analysis for the reason that pharmacological treatment may affect the results. 4 Finally, there are some limitations in concluding, especially when the possible noise of confounders is taken into account. To begin with, any change in demographic or clinical data of the study group could modify the results. Additionally, physical activity may determine BPV markedly, particularly in children. Its influence was not considered in the present study, and no attempt was made to standardize its level in the young patients undergoing ABPM. Although the participants or their parents were additionally asked about smoking and basic dietary habits of the study group, no standardized method was used in the assessment. As a result, appropriate estimation was not achievable and was not taken into account in the analysis.
More to the point, it is worth being mentioned that BP value, birth length and serum glucose concentration are affected by both environmental and host factors. BP value is the outcome of human's circulatory system homeostasis determined both environmentally and genetically, birth length is the outcome of pregnancy and foetal vulnerability in utero, and glucose level depends on current lifestyle, inborn susceptibility and genetic predisposition. Thereby, as far as complex aetiology is concerned, it is difficult to assess the particular participation in each case, even in experimental researches.
In the present study, the given results have highlighted the complex nature of BPV in children, with favourable role of host than environmental factors in its aetiology. The determinants of BPV in children are consistent with those in adults. It is also suggested that relationships between BPV and its potential determinants in untreated hypertensive subjects ought to be investigated in more frequent groups of children, hence more precise clinical researches are needed.
